This paper proposes to combine the automatic interpretation of horizons in a seismic cube and the power of a space/time framework to quickly build an accurate chronostratigraphic model that can be used later, without any rework in reservoir modeling and reservoir characterization. A large number of single seismic events are automatically extracted from the cube as horizon patches. After a cleaning step, each patch is associated to an individual iso-time constraint. The set of constraints is then used to parameterize the geological space and to automatically compute the chronostratigraphic model. The chronostratigraphic model therefore matches all seismic coherent signals and not only the few horizons typically interpreted, allowing an accurate use of seismic information into a geostatistical model used in a reservoir model.
INTRODUCTION
Traditionally, 3D seismic interpretation is based on the recognition of some particular seismic events which are automatically or manually tracked over the seismic cube. As interpreted horizons have to be continuous and complete to be used as input data by the geomodeler, this task is long and fastidious, particularly when some regions of the seismic data are noisy. As a consequence, the interpretation is generally limited to major horizons and a significant part of the seismic information is simply ignored to build the geological and reservoir model. The use of seismic in a reservoir model assumes that the seismic events follow the stratigraphy defined by the reservoir grid. Stratigraphic models before the chronostratigraphic model presented here have always been constructed with simple depositional rules such as proportional and parallel to top or bottom. This in no way ensures compatibility of seismic stratigraphy with reservoir stratigraphy.
During the past years, several automatic techniques have been developed to build a chronostratigraphic model from the whole seismic cube (Stark, 2005; de Groot et al., 2006; Monsen et al., 2007; Pauget et al., 2009; Hoyes and Cheret, 2011; Guillon et al., 2013) . We propose here to couple automatic interpretation and some geomodeling techniques to get as much information as possible from the seismic data. The aim is to build a precise chronostratigraphic model from a 3D seismic cube with the minimum of manual operations while allowing seismic chronostratigraphy and reservoir stratigraphy to match. Fault and salt surfaces are supposed to be already interpreted: only the interpretation of the horizon is considered here.
AUTOMATIC INTERPRETATION OF EVERY SEISMIC EVENT
The first step of the method consists in interpreting as many seismic events as possible, whatever their extensions. The goal is to extract as much information as possible from the seismic cube in an automatic way, and to deliberately ignore the noisy parts of the seismic cube.
Seed selection
First of all, a set of seismic traces is selected in the seismic cube such that two seismic traces cannot be closer than a given horizontal distance. Then a series of points is generated from each trace such that ( Figure 1A ):
• two points cannot be closer than a given vertical distance. To track a maximum of different seismic events, the vertical distance is chosen much smaller than the horizontal one.
• the series of points must correspond to the strongest seismic events of the seismic trace.
Patch extraction and filtering
Then each point is used as a seed by a regular 3D horizon propagator. Typical autopicking parameters are available to control the results. The n seed points generate n horizon surfaces. Most of the time, surfaces present holes and do not cover the whole seismic cube. We refer to them as patches.
Several filtering operations are needed to prepare the patches for the modeling operations:
• Two seed points may correspond to the same seismic event. If the propagator is robust enough, the two corresponding patches partially (or totally) overlap. These patches are automatically detected and merged together.
• The points of the patches close to the faults (if they are available) are automatically removed. Indeed, there are often some discrepancies between the position of the loosely interpreted fault surfaces and the real position of faults in the seismic cube. These errors often disturb the modeling process.
As a result, we obtain a set of m horizon patches, non-redundant and of various extensions, depending on the quality of the seismic and on the complexity of the structures ( Figure 1B ). To improve the quality of the patches, it may be interesting to improve the continuity of the seismic events on the seismic data before running the horizon propagator using a filter similar to the one presented in Labrunye and Mallet (2004) . 
CHRONOSTRATIGRAPHIC MODEL BUILDING USING INTRAFORMATIONAL CONSTRAINTS
In the second step, we use the horizon patches to compute the chronostratigraphic model.
The uvt-transform Our approach is based on the concept of space/time mathematical framework introduced by Mallet (2004 Mallet ( , 2008 . In this framework, the subsurface is curvilinearly parameterized by a uvt-transform which maps every (x, y, z) point in the geological space to a (u, v,t) point in the parametric space. The uvt-transform is computed such that:
• An iso-t surface corresponds to a stratigraphic horizon.
• An iso-t is discontinuous across the faults.
The intraformational constraint If, as Vail et al. (1977) , we assume that "primary seismic reflections follow chronostratigraphic (time-stratigraphic) correlation patterns rather than time-transgressive lithostratigraphic (rock-stratigraphic) units", then our horizon patches can be considered as iso-t surfaces of the uvt-transform.
The regular way of building the uvt-transform is to assign a geological time value to every interpreted horizon (through a given stratigraphic column) and to interpolate the values across the volume. However, it is not possible to attach a geological time to sort the patches. To solve this issue, we developed a new way to build the uvt-transform based on the following constraints:
• all points in each patch must belong to a single unspecified iso-t surface.
• an arbitrary iso-t value is given to one of the patchestypically the upper one.
• the gradient of t is not null everywhere.
As we do not make any assumption on the stratigraphic boundary associated to a patch, we called this constraint the "intraformational iso-value constraint".
Geological time interpolation
Then the modeler computes the uvt-transform and interpolates the geological time values by considering all the intraformational constraints globally in 3D and at the same time (Figure 1C) . The subparts of the chronostratigraphic model with no constraint (typically in the noisy seismic areas, or the holes inside the patches) are influenced and finally built from the constraints of the nearest patches, above, below, or on their side. So a series of small patches may be sufficient to build a complete and accurate chronostratigraphic model. Figure 2 shows some horizons partially hidden by a salt diapir in the upper area of the seismic cube, where the uvt-transform has been computed from a set of patches extracted as described in this article. It gives an example of a possible reconstruction of the chronostatigraphy in the noisy part of the cube from the surrounding seismic events, and of the use of small patches usually discarded in the regular modeling approaches. It must be noticed that it is useless to correlate every single patch across a fault to get an accurate estimation of its vertical displacement. Through the interpolation process, the uvttransform algorithm provides an optimal value of the fault throw at any point of the fault (Figure 3) . Defining one or two reference horizon patches on both sides of each fault is generally enough to guarantee the accuracy of this estimation.
APPLICATIONS
Once the chronostratigraphic model is built, the geological time is known for every point of the volume. It becomes possible to associate each patch to its iso-t value. To build a stratigraphic column and define stratigraphic units, the user can simply select the patches corresponding to the major stratigraphic boundaries ( Figure 1D , D' and D"). It is even possible to insert a new horizon surface extracted from a selected iso-t and not associated to a patch. Then the full process can be repeated inside a particular stratigraphic unit to refine locally the interpretation and the chronostratigraphic model. The patch extraction is performed inside the unit boundaries, but with a smaller vertical and/or horizontal step between the seed points, and the chronostratigraphic model is updated with the new patches.
The uvt-transform also gives access to another space where the seismic events are flattened, as described in Labrunye et al. (2009) (Figure 1E ). This flattened space is very useful to reveal some geological features like channels ( Figure 4 ) and to control the quality of the chronostratigraphic model. Moreover, the reverse uvt-transform allows to easily go back and forth between the regular and the flattened spaces. As the seismic events are much more continuous in the flattened space, it may be interesting to automatically pick a new series of patches within this space. The patches are then put back into the reg-B A Figure 4 : Example of a channel interpretation from the flattened space built from the uvt-transform. A) Iso-t slice of the flattened seismic cube. The cube is the same as the one shown on Figure 1E . The channel is obvious, and surrounded by a dotted red line. B) Horizontal slice of the original seismic cube. The channel contour line interpreted on A has been put back into the regular space thanks to the reverse uvt-transform. The bottom insert is a 3D view of the same section with the channel contour. Note how the channel is cut by the fault and is not parallel to the seismic slices, and how its interpretation in the regular space is difficult. Figure 3 : Geological time interpolation from a set of autopicked patches in a faulted inline seismic section. The subvertical white lines are the interpreted faults. A) The thick red and yellow lines are the autopicked patches. The yellow patches were correlated across the faults, the red patches were not. B) Resulting uvt transform. Each continuous colored subhorizontal line is an iso-t of the chronostratigraphic model. Note how the fault throw is interpolated with respect to the patches. ular space and used as intraformational constraints. This is another way to refine the chronostratigraphic model.
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CONCLUSION
The workflow described in this paper combines a global interpretation technique, based on the automatic picking of as many horizon patches as possible, with a chronostratigraphic modeling based on the uvt-transform. This workflow also dramatically accelerates the interpretation process as follows:
• Obvious events are interpreted automatically.
• The resulting chronostratigraphic model can be used to help interpret in the difficult parts (channels or poorly defined horizons for example), in the regular or in the flattened space.
• Automatically picked horizon extremities can help interpret the faults.
• The user does not have to correlate all the patches across the faults.
• No need of dip/azimuth volumes although this information can be used as well.
Most importantly this workflow improves the quality of the chronostratigraphic model and therefore the associated reservoir model by incorporating information previously dismissed and matching seismic stratigraphy events and reservoir stratigraphy.
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